Acute ultrastructural alterations induced by soman and hypoxia in rat hippocampal CA3 pyramidal neurons.
The ultrastructural alterations in CA3 pyramidal neurons induced by the irreversible organophosphorus anticholinesterase (OP anti-ChE) pinacolyl methylphosphonofluoridate (soman) and by hypoxia were examined in rat hippocampal slices. During the first 60 min of incubation in control saline, up to 70% of the CA3 pyramidal neurons from slices superfused in control saline showed dilated cisternae of the rough endoplasmic reticulum (ER) or disrupted mitochondria. Fewer cells (10%) displayed heterochromatin clumping. With longer incubations (180 min), the number of cells showing these characteristics declined. During this time, up to 25% of these cells showed indentations in the nuclear envelope. Bath application of saline solutions containing 100 nM soman elicited periodic, spontaneously occurring epileptiform events in the CA3 subfield and substantially reduced (greater than 70%) acetylcholinesterase activity in single slices. The most characteristic ultrastructural alteration observed in response to 100 nM soman (30- to 60-min exposure) was a time-dependent, irreversible increase (up to about 60%) in the number of CA3 pyramidal neurons exhibiting indentations in the nuclear envelope. A morphometric analysis revealed a reversible, soman-induced decrease in the measured nuclear area. To test the hypothesis that these soman-induced alterations were related to hypoxic conditions, the fine structure of CA3 pyramidal neurons was characterized after the control saline was bubbled with nitrogen (95% N2, 5% CO2). In contrast to the effects induced by soman, exposure to nitrogen (15-180 min) caused dilation of rough ER cisternae, created depleted areas within the perikaryon, and produced extensive clumping of heterochromatin. In addition, more CA3 pyramidal neurons showed mitochondrial alterations after exposure to nitrogen than in control or soman-containing saline. Indentations in the nuclear envelope were not observed in response to hypoxia. We concluded that the soman-induced morphological alterations seen in vitro were comparable to those observed in hippocampi from whole animals exposed to sublethal doses of soman. The observations made in this study do not support the hypothesis that the acute alterations induced by soman in the fine structure of CA3 pyramidal neurons were the consequence of hypoxia.